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ABSTRACT

Owing to limited production of juveniles, Manila clam (Ruditapes philippinarum) aquaculture in Korea has
increasingly relied on imports of juvenile Manila clams from China. This study compared survival and physiological
status of domestic and imported juvenile Manila clams. Domestic juvenile Manila clams were collected from
Boryung, Chungnam Province, Korea, while imported juveniles were purchased from a trader who imported
juvenile Manila clams. Clams of similar sizes were selected, and sown in clam cages installed in Gomso Bay, on
the west coast of Korea. The mortality rate, growth, infection, reproductive cycle, and physiological response were
monitored monthly from April 2015 to February 2016. Higher mortality and low immune parameters with higher
pathogen infection rate were observed for imported clams compared to domestic clams during the experiment. It
was hypothesized that the high mortality and low physiological status of imported clams might be caused by high
levels of stress during the long period of transportation. High level pathogen infection in imported clams suggests
that quarantine procedures should be consolidated to prevent the import of new diseases to the seas around

Korea.
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Fig. 1. A map of study area and clam culture cage used in the present study.
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AxAl 7 cage R I} AMAFE At A sabes
FAPEEG o m, 2 717 59t 7 cageoll A 10704 (4 2| 9E
% 4070A) 9] wixEhs FAr S o1 FE AR
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u] d AdAg AL FuAk v g Sk v o
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(shell length; mm), Zt3 (shell height; mm), 2+ (shell
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length % shell height x shell width)} x 1000) ©& % #|
o] vlE S A,

3. U A vix g3t 4 wlx] ge] A 24}
1) P. olseni Zt¥E # ZAHE

P. olseni= RFTM (Ray's Fluid Thioglycollate
Medium)-2 M NaOH< o]-8-3}o] zlcka} A2 44315
t}. o] E $l3le] AAF-E RFTMe] E°1$t= 15 mL tube]
FJsha, gae) 25CeIA 152 $F wledsiglon (Ray,
1966), #lF ¥, 3,000 rpm o2 20%-7F YAl F-2|ste] A5l
< AAsIITE Choi et al. (1989) ¢ ¥hHe| we} 2 M
NaOH £94% 5 mL #7138} 30347t 50T ollA] wikges
woupAEe] AAR-E Eafistglel. RFTM wiA1E <14 2
(2000 rpm, 5min, 23]) 3}l ASAS vhA] A|AS G o,
Al olgste] 3-43] A Adde AAsKITE P
olseni FHAIA= A3AlH (Marienfeld, Germany) =
o]-g-sted AFslict. FrEAte AeE A $19] 0.1
mm3 °Jve] g<Hel 10-100 cello] 3= EE 555 x4
Seor, AR T 43 B A4l A% AL 42 AR
ek P oolseni A% 2 AZS e (o7 pAE
(cells/g tissue wet weight, cells/clam)® YEljSich

2) WalENEN BE U YNFV|
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Al wpAEE FAE wpAEr 2000A19) AARE
Davidson's fixativeolls] 4847} F<oF vA3lgon o]
70% Ethanolz 3AZlth o], x4 #2)7] (LEICA
TP1010) ¢ =®w®j7] (LEICA EG 1160) & o]&3}o]
paraffin blocke] embeddingd}l 2™, paraffin block< 5
pm FAZ 2AsIGict AH-L Mayer's hemaotoxilin?}
eosin (H&E) ©2 A&l 9495 =4 AA-L 33k &
n7 (BX43, Olympus) el 23pd, o Fe, gals o
opin] 55 Wt E Wz 54 4 AAFE 24t

siiet.

4
HdE () & SAsSeH, AAL dgTAE s
(early developing stage), $7|4% (late developing
stage), A4S (ripe stage), F--AFSH (spawning state),
AFESEE (resting stage) 9] STAIR TE3I oA, 7 oA
o &8 HIx=E =439} (Chung et al., 1994).

4. g3

E i e e e o g i TV e S B[R e
A ERzol 1 mLASs Aok A Fells A
WA s el Aa-9lelA W AeE FAE e, B3t
#n]7 (BX43, Olympus) & &3 7 S Elslsich
T A9 dzals F3 Wy A% A4 P o 2

o
od, W W RS FAT PAY

g olgsiy
(Gallius, Beckman Coulter, USA). &+ 2|9 7+ " x| %e

HliE SPSS. 12.0.1 #7]A]¢] T-test £+ One-way
ANOVA test ¥, Duncan's®] A58 =2 IF 7F #H79
roldE 95%2] Al=gEellA Flsksich

1) Phagocytosis

F Aoje] vkl Blg AAE L 2] fsted A
g3 gz 100 L9}t 30 pLe FITCE === 3%
bead (working solution = 1.5 mL sea water + 30 L
stock solution, Ployscience, USA) & &35l A2oA 1
A7 HEEAFATE AANEE (%) o FAL flow
cytometerS o835t} ¥4 FSCe SSCE plotting 3}
o AN 3l 879 FL1 g S4slel A7A% 5 27)
oAl &34 beaddE Alo)dt HTAEL] & phagocytic
index (%) 2 E&3}5t} (Park et al., 2006)

2) Nitric oxide (NO)

Nam et al. (2013) 2] DAF assay°l] wel g2l 80 4
L, 100 L2} marine saline (MS, 12 mM CaCl;, - 2H,0,
11 mM KCl, 26 mM MgCl; - 6H;0, 45 mM Tris-HCI,
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6.45 mM NaCl, pH 7.4) @ DAF working solution (2.5
mM) & A4 1087 W ¥, flow cytometers ©]-58-3}
o] PPk SA3elrh NO A= FSC} SSCE ©]4-31
7 A2E A= F, FL1 k& vlaskglch

3) Apoptosis & Necrosis

Apoptosis (A EZA ) ¢ necosis (AEIJAH =
Annexin V-FITC apoptosis detection kit (BD science,
USAE ol&3te] S35t o5 flste] A= d3l=
100 L2t 10 pLe PI mixture (FITC conjugated
Annexin V: Propidium = 1 : 1) & &35l A4 15
E7 4% £ 10x binding buffer (0.1 M HEPES, pH
7.4; 1.4M NaCl; 25mM CaCly) & #7lslgich g9
apoptosis®} necrosist flow cytometers ©]-&3}e] FSCe}
SSCE 7o E 7+ AEuLE Agsigleon], I3 Alxe]
FL13} FL3 SA43}¢] live, apoptosis, necrosis, dead cell
2 FEsla 7 v]&g AHgssid (Park et al., 2006).
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2) 4%

A 27] F A 2 (F=4k 26.98 + 1.71 mm, =
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7} At a1 39.06 + 1.86 mm o 2H 27 A}o]7} ¢l
gt} (Fig. 3-A). ZUAte] Zhu: 9lAlgka] 18.21 + 1.82
mm$ew, A¥ £87 2] 2544 + 3.16 mm$ith. FFAL
7% QJAIFA] 17.81 + 1.46 mmAL, T& Aol 25.14 +

43 mmsieh. T A 7+ 94 Aol 29T} (Fig. 3-B).
A% ) £ AW 2 AT SR 27 Gk 1172 4
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= MZ FARIAY (Fdl4k 17.31 £ 1.99 mm, FAk
16.06 + 1.79 mm) (Fig. 3-C). #7 A5 sj7he] =7]¢}
AR - A 7 2bel7} glitt (Fig. 3-D). 34 5%
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Fig. 2. Cumulative mortality (A) and monthly CI variations (B)
of imported and domestic juvenile Manila clams.
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4-A), 28y dEs o)A 2o FFAF vpAE 4.8 +
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Fig. 4. Monthly variations of the infection rates (%) (A) and
infection intensities (B) of P. olseni in imported and
domestic juvenile Manila clams.

), o]F AEHE Ve g T4 upx=E o Ak vl =t
o] fJsHl =9t} (Fig. 8-A).

2) NO

Q14 ) F74 wAIe] NOZH $AAke] Hlete] & 7
e neieh oF T AW 1 Aol wlvjsiglon} g AL
0% FFA upe] Sk ulAel wls) b oA
EA7lel F749] NOVH 843] & 3h& ekt (Fig.
8-B).

3) Apoptosis and Necrosis

2 27|17k F A ZF apoptosis 3 (%) 2] 3
AolE vepA| dgkent wim|sia|nt FEak npA| o]
& Jekile) (Fig. 8-C). Necrosis®] 4% F 219 7+ #4F
g A7E vepdlh (Fig. 8-D).

Fig. 5. Histological observation of trematode (sporocysts) in
imported juvenile Manila clams.
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Fig. 6. Monthly variations of the infection rates (%) of
trematode in imported and domestic juvenile Manila
clams.
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Fig. 7. Monthly variations of reproductive cycle of imported and domestic juvenile Manila clams.
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8. Monthly variation of immune factor of imported and domestic juvenile Manila clams including

phagocytosis (A), nitric oxide (B), apopotosis rate (C) and necrosis rate (D)
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Park et al. (2014) = o] o= o]A3t F=AL n}
Aol ot Aejebd WS FHAFsluA T4 vlx|
Al el S e g FAAF RS A 23 T ulA|

g AT Ao ®EeiA 7ol "Hrfar ®askglt o]
&g ARk Apols 7 Ade] Aoy AX Wi AlelE
vepd 4= glek webd 2 dgellA vehd sliket 4t
o] ekt WeE AR R Abole Al Aol <)
FLERE TFeAE Y Aor wdsEy, oo Y Ax
e F7F A7 ek

T FAE T Tl oA FHE A A YE F
QA71ZEEt vt sdelA FAsliorslr] wigel o
oA ol WAL S el +-E7E ek 58] o=
ARl sl o] A nlolH A TR vhekt A
o) BaAz A st ozt o} fo AE AGAA £ 9
o Z #g4de] =tk Meyers, 1984). o]k 22 34l =

27ehn WA SAAERR el gt 5] Aoy
A2 6% (Bonamia Ostreae, Bonamia exitiosa,
Marteilia refringens, Perkinsus marinus, Xenohaliotis
californiensis, Abalone viral mortality) o] x| gle] =
- F5l olxel gt WA S WAs] $lg A v
u] gk Ao},

HA7EA] FarellA sl wixet o] 7 A=

12

10

of F vRte g Fo x| wix= AW A7 A3} Hu
RA B3 AAo|gt,  TFex  EFIY  Marteilia
refringens®} Haplosporidium nelsoni’} F=AF vix|2 4]
ANA &= v} ek GHATE et al., 2012). M. refringens™=
A E=E771T (OIE) A4 Ao zA A7 $Jsido]
o 2 Aol (OIE, 2018), H. nelsonit w54t o]
AeF& Crassostrea virginicad] HFHAE F338= MSX
(multi-nucleated parasite unknown) <2 <d¢lAje|c}
(Azevedo et al., 2003). we}A o]#fd 1 9d P F
U AL fElE ol Algatez Asd 7sAo] gle
B2 o]of tfgk o] Alggt AAo|rh Egt i AFeA F
A X2 HE F15-F (cercaria) ©] HEFHoH o]E
< 495 897HA] Rl i) o|Foll= E AESE U= o]

=
il
fd
o
o
N

S-S 7ere | (Park et al., 2008, Ngo and
Choi, 2004, Kevin and Kuris, 2009), ©]23t 5572 7+
A2 =l wpxEre] TS A 29E 2H@E + 9
o). FA7A] FUlells= Cercaria tepetis, Upogebia major,
Parvatrema  timondavidi °| wlx|ZelA WA=l o m
(A=} A, 1983; Yuet et al., 1993; Foster, 2012; &, 2013;

Table 1. List of pathogens found in the Manila clam in China (adopted from National Fishery Products Quality Management

Service, NFQS)

OIE-listed Pathogen Common name  Scientific name Location Year Source
Northern and
yes Protozoan Perkinsus olseni eastern coast of Wu et al, 2011
the Yellow sea
Protozoan MSX Haplosporidium 2006-2012  #AiE 5, 2012
nelsoni
yes Protozoan Mazjtez]]a 2006-2012  HifIE 5, 2012
refringens
Southeastern coast
Proctoeces of China (Wuguan Cao, 1989
Trematode orientalis and Dongyu, 1989 e 1990
Xiamen)
Trematode Cercaria elegans Chen, 1995
o .
Norovirus 16.44% infection Bohai Bay Ma et al, 2013

rates

rotavirus(RV),

human enteric adenovirus(AdV),
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